Intelligence solutions which are on-premise and/or cloud-based to manage and analyse their constantly growing business data. Challenges faced by organisations nowadays include but not limited to: growth limitations, big data, inadequate analytics, computing, and data storage capabilities. A data management and analytic model is proposed for organisations to rely on for decisive guidance when planning to procure and implement a unified business intelligence solution. The model which is considered hybrid relies on existing on-premise and cloud models with limitations mitigated. To assess the state of business intelligence utilisation, and validate and improve the proposed architecture, two case studies targeting users and experts were conducted following quantitative and qualitative approaches. The findings further recognised the proposed hybrid architecture as appropriate for managing complex organisations with big data challenges.
Introduction
Nowadays, organisations are processing large numbers of transactions which result in the storage of large volumes of data that are difficult to manage and analyse in order to produce useful information for decision-making [1] , [2] . There is a rapid increase in the amount of transaction data being digitally generated, captured and stored, and organisations need to maintain business data for years as an asset [3] .
Big data has exceeded the capacity of existing data management technologies making it impossible to manage business data in local servers [4] . Both small and large organisations are finding it difficult to manage large volumes of data so that business intelligence (BI) systems can be utilised to perform on-line analytical functions and other functions. Big data and informative reports are linked when organisations attempt to forecast its business operations, but organisations find it difficult to select the right strategies for implementing a BI solution with analytics capabilities such as predictive and descriptive analysis [5] , [6] . In the past decades, some of the organisations that have used decision making systems have experienced tremendous changes and have created vast opportunities that are associated with the use of big data [7] . However, it remains uncertain as to whether organisations are utilising the appropriate BI applications to manage and analyse rapidly increasing data.
There has also been a growing demand for usage of mobile smart devices in workplace prompting for sophisticated information generating applications running on them to provide information in real-time [6] . Most organisations promote or accommodate mobile devices that can run applications such as BI and data mining applications but often face the challenge of configurations and integrations. Collaborative BI applications that enable organisations to work together irrespective of where business users or service providers are located rarely find themselves on various technological devices such as laptops, mobile devices, etc. [8] . Collaboration also comes with the need to have proper governance in place with respect to data management and reporting systems as well as communication among different technology platforms [9] . Most organisations provide access to business users without properly configuring their BI systems.
Some organisations are still using old versions of BI applications because they cannot easily determine value from procuring new BI solutions [6] . This suggest that there is lack of quality information and guidelines for procuring latest affordable and appropriate BI solutions.
Background and Motivation
In the past decades, data management and analytics systems have evolved tremendously in an effort to keep up with technology advancement and to meet business requirements [10] , [11] . They further declared that data management and analytics systems dates back before the 1900s when everything was done manually and data was stored on punch cards as demonstrated in Table 1 below. It is against all the above discussed data management and BI related challenges and limitations, that a comprehensive investigation was undertaken to address them. A possible solution was to develop a data management and analytic model that can inform, guide and encourage most organisations to procure and use appropriate BI applications.
Having discussed the above, the remaining of this is paper is structured as follows: section 2 discusses the purpose and objectives as well as the preliminary literature review. In section 3, data collection and data analysis methodology is discussed which is followed by a discussion on various BI models and architectural requirements in section 4, and sections 5 and 6 discusses the proposed hybrid BI model and architecture respectively. The business benefits are discussed in sections 7. The paper concludes with a summary discussion in section 8.
Purpose and Objectives
The purpose of this research paper was to develop a data management and analytic model that can guide organisations in the implementation of BI applications and address current challenges they face. One main objective and four sub-objectives were derived, the main objective of this paper was: 
Preliminary Literature Review
This section briefly review the literature about the research objectives by discussing the key aspects related to data management and BI applications. Implementation of BI solutions is driven by clearly outlined mandating documents of the organisation such as strategy and goals. Maturing into full-fledged and well-functioning BI solution implementation has proven to be challenging, prompting for answers to why they fail. BI solutions are most needed by organisations that aim for better competitive position, and need to share and analyse business information [12] .
Nowadays, organisations are using analytical applications which have the predictive capabilities that can simulate what if scenarios, and the use of the correct applications can help organisations meet their strategic goals and retain competitiveness [13] .
There is a constant need for organisations to improve their business processes and use quality information for decision making which requires a suitable BI solution. There are various BI solutions to fulfil different types of business requirements for organisations [14] . However, the challenge comes with selecting the right solution for the business.
Organisations considering the integration of cloud resources and BI solution must have a clearly defined strategy [15] . This will ensure that data is managed with appropriate DBMS and the right users are trained accordingly.
The use of big data is becoming a key for leading organisations to outperform their competitors [7] . Organisations use big data to sustain and operate at a strategic level with the help of BI and performance management applications. The utilisation of BI solutions is more effective if users have the ability to use available data and perform analysis that conform to and support the business strategy.
Based on the above discussion, it was discovered that there are a variety of business requirements that influence and challenges that affect the deployment of a BI solution. This preliminary literature review further proposed that a further comprehensive study was required to establish what kind of a model could be used as a guide for data management and successful implementation of BI applications. The findings of this study would also contribute to the limited body of knowledge on selection and implementation of appropriate BI solutions.
Methodology
This section briefly explains the various data collection approaches and data analysis methods used to achieve the above-mentioned research objectives.
Data Collection
Case studies which enable the researcher to examine closely the data within specific industries were used in this research [16] . The case study method ensured that the focus was on two specific type of respondents, namely BI experts who evaluated and validated the proposed architectural model and provided improvements options; and BI users who were used to assess the current state of BI utilisation in their organisations.
The research questionnaires were the main research instrument used which were designed with specific investigative questions get appropriate information to meet the main objective and sub-objectives [17] . The questionnaires were designed with close-ended questions together with a few open-ended questions. This helped to control the way in which the respondents provided answers. The use of questionnaires ensured that the administration costs were low, the resultant information was easy to quantify and maintain, and that there was a fair chance of obtaining large volumes of data.
To reach the relevant respondents residing at various geographic location in South Africa, the questionnaires were administered through three options namely: an email with a link to an online survey, an email with an attached soft copy (Word document) or hand delivery of a printed hard copy. Before engaging in the actual survey administration, a pretest and pilot study with the questionnaire was done to identify any flaws and weaknesses in the research questionnaire.
Validity and Reliability
Validity and reliability concerns were addressed to ensure that the measuring instruments measure precisely what it is supposed to measure with accuracy and precision during the measurement procedure [17] . Two major forms of validity were addressed, namely, internal and external validity. Reliability was used to define the degree to which a measure was free from random error and provided consistent results [18] . To maintain consistency and accuracy of the research instruments, reliability was expressed in terms of stability, equivalence and internal consistency.
Sample Design
A survey population which is defined as the entire set of individuals or organisations from which survey data can be collected was used as a basis for this research [19] . In order to collect the required data, industries in the South African context were considered, and in particular, 13 industries formed the survey population. Two units of measurement, namely BI experts and BI users formed the basis of the target population for the purpose of drawing a conclusion. Sampling saved money and time, ensured lower cost, greater accuracy of results, greater speed of data collection and availability of the unit of measurement.
Data Preparation and Analysis
The survey data was stored, prepared and cleaned in Microsoft Excel. Triangulation analysis ensured that a combination of literature review, quantitative analysis and qualitative analysis complemented each other to get two or three viewpoints of things being studied [20] . Quantitative data analysis was used because most of the data collected from the survey was numerical while qualitative data analysis was used to analyse a few data that was qualitative. Since most of the data collected was quantitative, statistical data analysis i.e. descriptive statistics was used to organise, summarise and present data in an informative way [19] . The data collected was relatively inexpensive to analyse and the results were used to generalise perceptions.
Various BI Models and Architectures
The purpose of this section is to provide a general overview of BI, specific understanding of BI through an investigation on the various BI deployment models, their use and the associated business value that could be generated by BI adoption in organisations. It covers in detail the key concepts and terminologies that are needed and/or commonly used in order to understand and implement BI successfully. Sections 4.1, 4.2 and 4.3 of this section demonstrates how the first sub-objection was met while Sections 4.4 and 4.5 demonstrates for the second sub-objective. [7] defines BI as "a type of application software that is designed to report, analyse, and present data". While with the similar view, [21] describes BI as the "existence of operational databases, systems of decision assistance, and applications platform that facilitates access to economic information to persons involved in business management". These definitions articulate that the process of accessing, analysing and reporting on business data is achieved through the use of BI software. BI has also been used as an umbrella term to describe the technologies, processes, applications, infrastructure and tools, and best practices for supporting decision making [22] .
BI Definition
Therefore, in the context of this paper BI is defined as an optimal and effective collection of business data from various sources, which is then transformed through intelligent applications in order to understand information, aimed at supporting decision making that helps organisations achieve their objectives.
BI Value Chain
Michael Porter introduced the concept of a value chain in 1985 in his classic book "Competitive Advantage". A value chain is a collection of interdependent activities that an organisation carries out to create value for its customers [23] . In the context of this study, a BI value chain comprises of ideal value activities and components needed to capture, manipulate and channel the data necessary to support better decision making. The value activities and components of the BI value chain are data, processes, analytics, and decisions as shown in figure 1. In Figure 1 , business data are facts, datasets or pieces of information that organisation systems process for analysis and reporting purpose e.g. sales information, billing, etc.; Business processes are specific tasks or step-by-step activities that are carried out to produce the intended outcomes for the business users; Analytics are functions carried out by a collection of technologies and processes that turns raw data into usable knowledge to support decisions and drive informed actions; and Decision making is the thought process that ensures that organisations have the most effective ways to make decisions based on the available information [7] .
Naïve BI Model and Architecture
In support of the earlier discussion on the BI value chain, in this section a naïve BI model is suggested which forms the basis for the technical implementation of a simple BI solution. The intention of a naïve BI model is to demonstrate how a BI solution can be easily implemented based on its original value chain. Although the model has been intentionally termed a naïve one, it should be noted that the derivation of a technical architecture from such a model could yield a sound BI solution capable of supporting decision making within an organisation. To this end, an architecture consisting of four (4) main layers was suggested, namely: the presentation layer (BI tools), the service (analytic engine), the data (data warehouse) and source systems layer (internal and external operational applications).
On-premise BI Model and Architecture
Organisations face a variety of choices when it comes to deploying BI solutions in the business environment, and one of the most commonly used types of deployment is onpremise deployment [24] . In the context of this study, on-premise BI involves deploying the hardware, software and application systems which enable data to be sourced, and historical or real-time data to be analysed to support informed decisions. The deployment is often through commonly used deployment modes such as Isolated, Overlapping and Centralised/shared [25] .
Based on the above discussion, on-premise deployment of BI can be believed to be largely dependent on the organisation structure, departmental needs, and size. The onpremise BI model proposed has four main components: multiple source systems from the independent departments, different data stores, isolated/centralised BI tools and various types of reports.
Considering the discussion on the on-premise BI model, an architecture consisting of five (5) main layers is suggested namely: the presentation layer, the network layer, the service layer, the data layer, and the source systems layer.
Cloud-based BI Model and Architecture
There are a number of foundation technology that ensure a successful cloud-based BI deployment these include cloud computing, standard cloud service models, cloud deployment models, and cloud pricing models. Based on these foundation technology, cloud-based BI deployment can be believed to be largely dependent on the size and needs of the organisation. It is understood that Cloud BI can be provided as a service through SaaS, PaaS and IaaS service models that can be deployed as public, private or hybrid cloud [26] . A cloud-based BI model can use various cloud-based resources such as, IaaS to offer source systems and data stores, SaaS BI applications that are supported with PaaS platform that allows business users to customise BI services offered. Hence, an environment that has Internet connectivity is a must have for an organisation to access BI services through a thin client.
Considering the discussion on the cloud-based BI model, and to achieve functional and technical understanding, an architecture was suggested consisting of four main layers namely: the presentation layer and network layer hosting web applications and internet service respectively, the security layer addressing firewall and encryption services, and the service layer hosting SaaS i.e. BI applications, PaaS i.e. application development resources, and IaaS which includes unlimited data storage. In other ways, the architecture addresses technological resources, cloud-based applications, availability, and security. Depending on the organisation's business requirements a number of aforementioned cloud services can be combined to achieve specific requirements.
Challenges of BI Deployments
Although cloud-based BI offers improved, optimised and low cost services, the following are some of the challenges organisations face in on-promise and cloud-based deployments [27] , [28] : 
Proposed Hybrid BI Model
This section introduces a hybrid BI deployment solution (a combination of on-premise and cloud deployment) aimed at addressing all the challenges identified in previous sections. In doing so, this will provide an answer to the third sub-objective. The hybrid BI deployment is largely dependent on all factors mentioned in the onpremise and cloud-based deployments. Figure 2 below provide a model for the suggested hybrid BI solution that enables blended BI and analytics solutions. The on-premise BI solution in this environment has capabilities discussed earlier. This deployment normally uses dedicated and specialised BI departments with expertise and responsibilities for ensuring that BI supports business decision making process [29] . The thin client is one of the main key components of a cloud-based BI deployment. It serves the purpose of allowing the organisation/s to access cloud-based BI application services [13] . In addition, the firewall will handle all other security issues [25] .
To avoid some identified challenges associated with the above-mentioned services, the hybrid BI solution ensures that different BI solutions are deployed based on the nature of information to manage. The hybrid BI solution provides a blended environment where BI applications can be developed or customised either on-premise or in the cloud. For example, cloud service providers provide PaaS environment for developers to be able to cheaply develop, customise and deploy SaaS BI applications such as Power BI, Pentaho Business Analytics, Birst, etc.
Considering the discussion on the proposed hybrid BI model, and in order to achieve functional and technical understanding, an architecture has been suggested consisting of five main layers namely: the presentation layer consisting of devices such as PC, laptop, tablet, and smart phone; the application layer hosting applications such as OLAP, Spreadsheets, data mining, reports and dashboards; the service layer hosting on-premise and cloud-based applications and resources; the data layer with internal and external operational applications, OLTP systems and DBMS; and infrastructure layer hosting onpremise and cloud-based storage, compute and virtual machines resources.
Proposed Hybrid BI Architecture
In this research paper, the case study method ensured that the focus was on respondents (i.e. BI experts and BI users) exposed to BI solutions in various industries. The results of the case studies influenced and provided the necessary improvements for the architecture as shown in the figure 3 below. The case studies conducted, helped meet the requirements of the fourth sub-objective. The improved architecture resulted in the various layers that were designed considering all the limitations that emerged. The architecture addresses the infrastructure, back-end applications and DBMS, BI services, and applications and devices.
Business Benefits
The following are some of the benefits associated with the hybrid BI deployment considering the various supporting technologies [3] , [19] :
Dramatic improvement with regards to response time and calculation performance as users can now interact with and query data in memory. Real-time analytical processing of big data. Guaranteed data ownership through clear SLA. BI Business model transformation by bridging the gap between legacy applications residing in traditional on-premise and cloud-based BI applications as well as mobile computing applications. High performance data-processing systems through the use of in-memory technology.
Cloud big data analytics capable of processing heterogeneous and informal data from external sources such as web sites, social network/media, and so forth.
Conclusions
BI was found to be the process of analysing business data stored by an organisation to determine patterns and trends that support better decision-making for the organisation. In order to achieve these results, an ideal BI architecture was found to consist of interrelated layers that would enable effective sourcing of data, storing of data and reporting and it got more complex as more organisational needs were established. It was also found that as simple as a basic BI solution implementation, OLTP and OLAP systems are key in managing and analysing data. An on-premise and cloud-based BI deployment models emerged as options for deploying an appropriate BI solution to overcome three common deployment modes i.e. Isolated, Overlapping and/or Centralised/Shared. A BI architecture for an on-premise and cloud-based deployments was more advanced than that of a naïve setup as it considered the organisations' structure, departmental needs, size, and security concerns.
A hybrid BI solution was proposed to address the persisting challenges organisations faced in on-premise and cloud-based BI solutions. It considered a number of fundamental elements that have an influence on the performance of BI solutions, these include inmemory data management, in-memory analytical and transactional processing, big data management and hybrid data management. The cornerstone of using a hybrid BI solution was based on the ability of using converged on-premise BI resources and a combination of private cloud and public cloud BI resources. As a matter of future research, implementing such as architecture following a completed Software Development Life Cycle would be an added advantage. Furthermore, the application of the model on big data will be worth investigating.
